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TITLE OF THE INVENTION 
SU PERCONDUCTING WIRE AN D MANUFACTURING METHOD 

BACKGROUND OF THE INVENTION 



Field of the Inven-tion: 

The present invention relates to a superconducting 
f-slO wire employing an oxide superconductor and a 

manufacturing method for the same* 
Description of the Related Art: 

Oxide superconductors of Y base, Bi base, etc* 
exhibit superconductivity at a temperature above the 
15 boiling point of liquid nitrogen* According to a 

typical method for forming such a material into a wire, 
a superconducting material or a material therefor is 
charged in a metal pipe and subjected to wire drawing, 
then the charged material is subjected to heat treatment 
20 before and after the wire drawing as necessary* As an 

alternative, an oxide superconductor is formed on a 
substrate by various thin film forming means such as 
sputtering. The method wherein a superconductor is 
charged in a metal pipe has been disclosed in Japanese 
25 ^^ifPatent Laid-Open No* 2-37623 and Japanese Patent Laid- 
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iy\^Op&n No. 1-276516. The method which employs a thin film 

has been disclosed in Japanese Patent: Laid-Open No* 53- 
^O.i' 241826. 

These methods, however, have the following 
Q 5 problems : the superconductivity of an oxide 

|K superconductor varies depending on the amount of oxygen 

IJ! in the materials; therefore, the amount of oxygen in the 

f\ materials must be controlled to produce the wire from 

® the superconductor, A superconducting wire is usually 

f^llO provided with a stabilizing material which is normally a 

metal such as copper* In the case of an oxide 
% superconductor, however, copper is oxidized during the 

^^^^ manufacturing process due to the oxygen which is present 

in the superconductor; therefore, copper cannot be used 
15 for the stabilizing material. Further, an oxide 

superconductor does not have the workability that metals 
have, preventing crystal grains from deforming easily. 
This sometimes causes a metal pipe filled with the 
superconductor material to break during a rolling 
20 process or a stretching process which employs dies. In 

addition, the oxide superconductor must be densely and 
uniformly charged in the metal pipe to produce usable 
superconducting wire. There is still another problem: 
the coefficient of thermal expansion of metal is 
25 different from that of an oxide superconductor. 



presenting a serious problem of adhesion bet:ween the 
metal and the oxide superconductor when they are cooled • 

To solve the problems stated above, according to 
Japanese Patent Laid-Open No. 2-37623, an aluminum pipe 
is filled with an oxide superconductor and the aluminum 
is melted and removed before they are heated to sinter 
the superconductor, then they are subjected to heat 
treatment at 900 to 1000 degrees centigrade with the 
oxide superconductor exposed so as to control the amount 
of oxygen in the material • According to Japanese Patent 
Laid-open No, 1-276516, a compact of an oxide 
superconductor is inserted in a silver pipe and silver 
powder is charged in the gap between the silver pipe and 
the superconductor to secure the adhesion between the 
metal pipe and the superconductor. 

According to the method disclosed in Japanese 
Patent Laid-Open No. 2-37623, however, the melting point 
of aluminum is approximately 660 degrees centigrade and 
therefore, the aluminum is very likely to be oxidized by 
the oxygen present in the oxide superconductor before 
the aluminum is removed from the surface of the oxide 
superconductor. It is especially difficult to remove 
the aluminum which is in a recessed spot of the surface 
or in a grain boundary of the oxide superconductor; an 
aluminum oxide generated by oxidation tends to 



precip±ta1:e as an impurity or t:o react: with the oxide 
superconductor in some cases. Further, the Japanese 
Patent Laid-Open No. 2-37623 has not disclosed anything 
about the formation of a stabilizing material which is 
indispensable for the application to superconductive 
magnet or the like. According to the method disclosed 
in the Japanese Patent Laid-Open No. 1-276516, no device 
has been made to improve the critical current of 
superconducting wire although the presence of silver 
powder seems to improve the adhesion between the metal 
pipe and the oxide superconductor. 

According to the method disclosed in the Japanese 
Patent Laid-Open No. 63-241826 which employs the thin 
film forming process, the wire is produced beforehand 
and a thin film composed of the elements for 
superconducting materials is formed on a substrate, 
which has copper or a copper alloy deposited on the 
surface thereof, prior to the heat treatment. It has 
been disclosed, however, that the heat treatment must be 
carried out at 800 to 1000 degrees centigrade for 1 to 
100 hours, depending on the type of superconducting 
material used. The method requiring such an extended 
heat treatment presents a problem of extremely slow 
manufacture, whereas quicker manufacture of 
superconducting wire is generally desirable • Moreover, 



•the "thin film producing method requires precise con-trol 
of the composition of the elements constituting the 
superconductor; a slight change in the composition 
results in a significant change in the superconductive 
characteristics, posing a fatal problem in that a 
lengthy superconducting wire cannot be produced. 

Thus, although much study has been done on the 
manufacture of superconducting wire which employs an 
oxide superconductor, no superconducting wire for 
practical use has been available yet. 

SUMMARY OF THE INVENTION 
Accordingly, it is an object of the present 
invention to provide a practical superconducting wire 
which uses an oxide superconductor with high critical 
temperature to prevent the critical temperature and the 
critical current from dropping during the manufacturing 
process and a manufacturing method for the same. 

To this end, according to one aspect of the present 
invention, there is provided a superconducting wire 
having a fine line made of an oxide superconductor which 
has a metal material dispersed therein, the outer 
periphery thereof being coated with a conductive 
material . 

According to another aspect of the present 



invention, "there is provided a manufacturing method for 
a superconducting wire which has a fine line made of an 
oxide superconductor, comprising: a process for forming 
a fine line by stretching a metal pipe filled with an 
oxide superconductor; and a process for heating the fine 
line at a temperature which is higher than the melting 
point of the metal material constituting the metal pipe. 

According to still another aspect of the present 
invention, there is provided a manufacturing method for 
a superconducting wire which has a fine line made of an 
oxide superconductor, comprising: a process for forming 
a fine line by stretching a metal pipe filled with a 
material for an oxide superconductor; a process for 
reacting the material so as to produce an oxide 
superconductor, and a procesis for heating the metal pipe 
at a temperature which is higher than the melting point 
of the metal material constituting the metal pipe. 

BRIEF DESCRIPTION OF THE DRAWINGS 
Fig* 1 is a schematic cross-sectional diagram 

illustrative of a superconducting wire according to the 

present invention ; 

Fig. 2 is a flowchart illustrative of a 

manufacturing method according to the present invention; 

and 
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Figs, 3, 4, 5, and 6 are schema-tic diagrams 
illus-trative of specific examples of the manufacturing 
method according to the present invention, 

C;i 5 DETAILED DESCRIPTION OF THE PREFERRED EMBODIMENTS 

\fi According to the present invention, a metal 

material is dispersed in a fine line made of an oxide 
superconductor which constitutes a superconducting wire 
and the vacancies in the superconductor are filled with 
£;a.O the metal material. This prevents a critical current 

from decreasing and improves mechanical strength and the 
like. Further, a conductive material is attached 
closely to the outer periphery of the fine line to 
maximize the function thereof as a stabilizer; 
15 therefore, the conductive material is not separated from 

the superconductor even when the superconducting wire is 
subjected to heat cycles. Thus, the critical 
temperature and critical current; do not decrease during 
the manufacturing process, «*€ri^i«*g a highly practical 
jp 20 superconducting wire^»e€t%^iSi»«f a high critical 

temperature and a high critical current ii to.»^bca { a Qfeaye^'^gegl , 

The present invention will be described in detail 
by referring to preferred embodiments of the present 
invention. 

25 The superconducting wire according to the present 
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inven-tion has a structure wherein a metal material such 
as silver or a silver alloy is mixed in a fine line 
composed of an oxide superconductor so as to prevent the 
critical current from decreasing, and a particular 
conductive material is attached to the outer periphery 
of the fine line. As the oxide superconductor 
constituting the present invention, any oxide 



superconductor^ W'IhTmI dOt as long as it has a metal 

material dispersed therein; it may be in the form of a 
wire, a hollow tube, or a tape-shaped substrate or the 
like which is provided with an oxide superconductor on 
the surface thereof. 

Especially desirable materials for the oxide 
superconductor include the following: 

a material having a formula which is expressed by 
Ln Sr^Cu^ MO , where 2.7<a + b<3.3, 0.8<a<l*2, 6 
< c < 9, and 0.05 < x < 0.7; and Ln consists of at least 
one type of element or atomic group selected from the 
element group of Y element and lanthanoid element, and M 
consists of at least one type of element or atomic group 
selected from the element group of Ti, V, Ga, Ge, Mo, W, 
and Re ; 

a material having a formula which is expressed by 
Ln Ca, Sr Cu, M O^, where 2.7<a + b + c<3.3, 0.8<a-i- 
b < 2.1, 6 < d < 9, 0.05 < b < 1.1, and 0.05 < x < 1.0; 




and Ln consists of a*t least: one -type of element or 
atomic group selected from the element group of Y 
element and lanthanoid element^ and M consists of at 
least one type of element or atomic group selected from 
the element group of Fe, Co^ Ti, V, Ge, Mo, W, and Re; 

a material having a formula which is expressed by 
Ln Ca, Sr Ba.Cu, O, _C , where a + b + c + d = 3, 0,2 <a< 

abed 2+e 5+r g' ' 

0*8, 0.2<b<l*0, 0*5<c<2.2, 0<d<l*6, 0<e< 
0,8, 0 < f < 2, and 0.2 < g < 1; and Ln consists of at 
least one type of element or atomic group selected from 
the element group consisting of Y element and lanthanide 
element; 

a material having a formula which is expressed by 
(Ln^_^CaJ(Sr2_j^Ba^^)(Cu3_^BjO^, where 0,1 < a < 0.5, 0.7 < b 
< 1.7, 0.1 < c < 0.5, and 6.5 < d < 7.5; and Ln consists 
of at least one type of element or atomic group selected 
from Y element and lanthanoid element excluding Ce and 
Tb; and 

a material which has essential component elements 
of Ln, M, Ba, Ti, Cu, and O ( Ln consists of at least one 
type of element or atomic group selected from the 
element group of Y, La, Pr, Nd, Sm, Eu, Gd, Dy, Ho, Er, 
Tm, Yb, and Lu; and M consists of at least one type of 
element or atomic group selected from the element group 
of Ca and Sr); and the basic structure of which has both 
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an octahedron or a pyramid pentahedron formed by Cu and 
O and an octahedron formed by Ti and O at the same time, 
the octahedron or the pyramid pentahedron and the 
octahedron being arranged in a two-dimensional manner. 

It is needless to say that a very small amount of 
an impurity may be added to these materials * 



In the superconducting wire according to the 
111 present invention, any conductive material may be used 

fti as the conductive material to be attached to the outer 

P^IO periphery of the oxide superconductor with a metallic 

ft material dispersed therein; especially desirable 

materials include a metal or a metal alloy such as Au, 
ill Al, Cu, Ni, Pd, Pt, Ti, Mo, W, Nb, and Mn, 

By using the materials listed above and by 
15 dispersing a metallic material such as silver in the 

oxide superconductor, the critical current can be 
improved to a certain extent and the mechanical strength 
and the like can be also improved owing to the metal 
material that fills the gaps among the crysta^ gQinfgr . 
20 The metal material near the surface of the oxide 

superconductor provides good adhesion to the conductive 
material surrounding the outer periphery of the oxide 
superconductor, thus preventing the separation of the 
conductive material from the superconductor even when 
25 the superconducting wire is subjected to heat cycles. 



The present inven-tion also provides a manufacturing 
method for the superconducting wire described above • 
According to the manufacturing method, a superconductor 
or a material therefor is charged in a metal pipe and 
the metal pipe is subjected to wire drawing by dies, 
rolling, or the like* The oxide superconductor may be 
heated before, after or during the wire drawing to 
sinter it. The heating temperature should be 500 to 950 
degrees centigrade • The resulting fine line is placed 
in a container such as a crucible and it is let pass 
through a melt of a conductive material having a melting 
point which is higher than that of the metal 
constructing the metal pipe. This causes a part of the 
metal of the pipe to melt into the oxide superconductor 
and the conductive material. By winding the fine wire 
using a roller or the like, the fine line is taken out 
of the melt of the conductive material, with the melted 
conductive material and pipe metal attached to the 
surface of the oxide superconductor. 

The melt attached to the surface of the oxide 
superconductor is dispersed in the oxide superconductor 
because the metal remains in the melted state even when 
the conductive material solidifies, thus contributing to 
an improved critical current • The melt from the metal 
and conductive material, which has not dispersed in the 



oxide superconductor, remains on the surface of the 
oxide superconductor; therefore, the oxide 
superconductor can be attached without any gap when the 
conductive material solidifies even if the surface 
thereof is unsmooth. There is generally a possibility 
of the oxygen in the oxide superconductor being reduced 
while the fine line is going through the melt of the 
conductive material. According to the present 
invention, however, the eliminated oxygen is captured in 
the silver or silver alloy; therefore, even if the 
conductive material is the one that does not allow 
oxygen to permeate, the superconductivity can be 
restored by making use of the oxygen taken into the 
metal by performing heat treatment. 

The means for producing the conductive material is 
not limited to the one wherein the fine line is allowed 
to pass through the melt. For instance, in the case of 
a material like W which has a high melting point, not 
only the metal constituting the pipe but also the oxide 
superconductor melt or decompose in some cases. In the 
case of a material like Al which has a low melting 
point, a metal such as silver does not melt even when it 
passes through the melt. In such a case, the metal 
constituting the pipe is melted before the conductive 
material is attached by an appropriate means according 
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•to the type of material used. Methods for attaching the 
conductive material include the one whereby the 
conductive material is applied and subjected to heat 
treatment, the one utilizing vacuum deposition, and the 
one utilizing chemical deposition. 

The metal pipe may be provided with a plurality of 
small holes so as to permit easy reaction with oxygen 
during the heat treatment in an oxygen atmosphere, or it 
may be subjected to HIP treatment or the like after wire 
drawing or after the conductive material is solidified. 
It is needless to say that an insulating material may be 
attached to the surface of the conductive material. 
There is a possibility of the solving of the conductive 
material and the metal when the conductive material 
passes through the melt; however, no problem occurs 
according to the present invention even if they solve* 
An appropriate atmosphere and the like for the wire 
drawing, heating, winding, and delivery should be 
selected according to the type of material used. 

The following describes the present invention by 
referring to specific embodiments. 
First Embodiment: 

Fig. 1 is a schematic cross-sectional diagram 
illustrative of a superconducting wire according to the 
present invention. Reference numeral 1 denotes an oxide 



superconductor • Reference numeral 2 denotes silver or a 
silver alloy, which has been scattered in the oxide 
superconductor^ and/or a material added for pinning; 
they are shown in a larger size than they really are. 
The silver or the silver alloy need not be scattered 
evenly inside the superconductor; it may be segregated 
in the vicinity of the surface of the oxide 
superconductor. Reference numeral 3 denotes a 
conductive material . 

The oxide superconductor used for the 
superconducting wire according to the present invention 
is generally produced by heat treatment • The density of 
a sintered compact is frequently lower than a 
theoretical density, When the sintered compact is 
processed into a superconducting wire, therefore, 
vacancies are generated in the superconducting wire. 
The vacancies lead to a lower critical current of the 
superconducting wire* To solve this problem, silver or 
a silver alloy is melted and filled in the vacancies and 
further, the silver or the silver alloy is dispersed in 
the oxide superconductor for the purpose of pinning by 
making use of the filling temperature. A conductive 
material is attached as the stabilizing material to the 
outer periphery of the superconductor* 

The superconducting wire in accordance with the 
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present: invention may be manufactured by any method: for 
example, a silver pipe is filled with oxide 
superconductor powder and rolled to be formed into a 
wire* The wire is then heated to a temperature above 
f;;; 5 9 60 degrees centigrade which is the melting temperature 

l':F| of silver. This heating causes the silver to fill the 

gaps among the crystal grains of the oxide 
f J superconductor or to be scattered in the oxide 

P^^ superconductor. The conductive material is attached to 

Clio the outer periphery of the oxide superconductor at the 

i^, same time as or after the melting of the silver, thereby 

producing the superconducting wire. There is no 
^ particular established way to attach the conductive 

material; several methods may be employed: for example, 
15 the oxide superconductor is allowed to pass through the 

melt of a conductive material, or various deposition 
processes may be used, or an organometal may be applied 
and subjected to heat treatment. A suitable method for 
attaching the conductive material should be selected 
20 depending on the type of materials used. 

As shown in Fig. 1, in the superconducting wire 
according to the present invention, silver or a silver 
alloy is scattered in the oxide superconductor to 
improve the critical current density. Further, the melt 
25 of the silver or the silver alloy is also present in 



vacancies and the recessed spots near the surface of the 
oxide superconductor, thus providing good adhesion to 
the conductive material attached around the oxide 
superconductor , 

There is no particular restrictions on the 
combination of the materials employed for the present 
invention. In this embodiment, Y2O3, SrC03, WO3, and CuO 
were mixed so as to produce 10 wt% of SrY^O^ with respect 
to YSr^Cu^ „W„ , then the mixture was subjected to heat 
treatment at 950 to 1400 degrees centigrade to produce 
the oxide superconductor. As the conductive material to 
be attached around the oxide superconductor, Cu was 
used. The same combination of the materials was 
employed for other embodiments as well as the first 
embodiment to produce the superconducting wire in 
accordance with the present invention. 

The superconducting wire according to this 
embodiment obtained by using the aforesaid materials and 
by melting and dispersing the silver as described above 
showed a critical current density of approximately 
10,000 A/cm^(5K). In contrast to this, the critical 
current density, which was obtained when the same oxide 
superconductor was employed but no silver was melted and 
dispez;sed, was approximately 2,000 A/cm , which is 
e«;fe^?eme±Y---'STTra±-ir© that of this embodiment. 
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Moreover, the superconduc-bive characterist:ics of 
the superconducting wire in accordance with this 
embodiment remained unchanged after winding the 
superconducting wire by a roller having a diameter of 30 
5 cm, whereas the comparison example, which had no silver 

melted and dispersed, showed a drop in conductivity to 
1/100 to 1/1,000 after winding the wire by the same 
If I roller. This proves that the superconducting wire in 

hi 

m accordance with the present invention provides high 

'r^lO mechanical strength and also high critical current 

ff density. 

If I Second Embodiment: 

Fig. 3 shows the conceptual diagram of the 

15 manufacturing method for the superconducting wire. 

First, a silver pipe is filled with an oxide 
superconductor, then it is formed into a silver sheath 
wire by using a plurality of dies 5 (Fig. 3 shows only 
one die). In this case, the superconductor was charged 

20 in the silver pipe measuring 8 mm in outside diameter 

and 6 mm in inside diameter to produce a fine line 4 
having an outside diameter of 0.8 mm. Reference numeral 
6 denotes a copper melt in a crucible, the melt being 
produced by a heating device which is not shown. The 

25 temperature of the copper melt is maintained at 1,100 
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degrees centigrade • The silver sheath wire obtained as 
stated above is placed in and let pass through the 
copper melt 5* The majority of the silver is melted and 
dispersed in the oxide superconductor although a part of 
the silver mixes with the copper melt 6 since the 
melting point of the silver is 960 degrees centigrade* 
The wire is wound by a roller (not shown) to take the 
wire, with the capper attached to the surface thereof, 
out of the crucible* A wire 10, which has been taken 
out of the crucible, is cooled* The copper, which has a 
higher melting point and which is on the outer periphery 
of the oxide superconductor, starts solidifying first, 
whereas the inside silver solidifies more slowly than 
the copper* This difference in solidifying speed 
enables the silver to be scattered into the gaps and 
crystals of the oxide superconductor* The wire 10 is 
cooled until the solidification of the silver is 
completed, then the finished superconducting wire is 
wound using the roller (not shown). 

The critical current of the superconducting wire of 
the second embodiment thus produced is lO^A/cm^ or more 
regardless of the composition of the superconductor 
materials used. No change in the superconductive 
characteristics was observed even when a roller having a 
diameter of about 30O mm was used to wind the 



superconducting wire. The critical current of the 
silver sheath wire with no silver melted was about 
lO^A/cm^, The oxide superconductor broke when the wire 
was wound using the roller having the 300mm diameter. 
The superconducting wire in accordance with the present 
invention showed almost no change in the critical 
temperature of the superconductor before it was charged 
in the silver pipe and after it was formed into the 
superconducting wire * 

Third Embodiment: 

Fig, 4 shows the conceptual diagram of the 
manufacturing method for the superconducting wire of the 
third embodiment. First, a silver pipe with a hole 
having a diameter of approximately 0,1 to 0,5 mm is 
filled with materials for producing the superconductor 
and it is formed into a wire having a diameter of 1 mm 
by using the die 5, At this time, as shown in Fig, 4, 
the silver pipe is heated by heaters 8 before and after 
it is drawn by the die so as to produce the oxide 
superconductor. In general, a carbonate or nitrate, or 
an oxide of a constituent metal element is used as the 
material for producing the oxide superconductor. The 
hole formed in the silver pipe makes it possible to 
supply oxygen to the central part of the silver pipe and 
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also to discharge a gas such as carbon dioxide which is 
generated when the materials are decomposed • Thus, 
according to this embodiment, a superconductor with good 
characteristics can be produced by the heat treatment 
using the heaters 8. 

The wire 4 thus obtained is placed in a crucible to 
let it go through melted gold 6» The temperature of the 
gold melt 6 is maintained at 1,065 to 1,080 degrees 
centigrade • Since the melting point of silver is 960 
degrees centigrade, the silver melts and disperses in 
the oxide superconductor when the wire 4 is passed 
through the gold melt 6, When the wire is pulled out of 
the crucible, it has the gold on the surface thereof. 
The gold and silver are partially mixed before they 
solidify; the mixing ratio can be controlled by the time 
during which the wire is in contact with the gold melt 6 
and the winding speed* There should be no problem as 
long as the mixing ratio stays constant to a certain 
level throughout the wire which has been wound • 

The superconducting wire of the third embodiment 
thus produced exhibits high resistance to mechanical 
deformation; it can be produced in a length of about 
1,000 m even when the roller 7 has a diameter of 200 mm. 

Fourth Embodiment: 
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Fig, 5 shows the conceptual diagram of the 
manufacturing method for the superconducting wire 
according to the fourth embodiment • A pipe made of an 
alloy of silver with 3wt% of palladium added is filled 
I 5 with an oxide superconductor and formed into a desired 

I sheath wire by using the die 5, The sheath wire is then 

heated by the heating device 11 so as to melt the silver 
alloy. After the melted alloy solidifies, the 
W:. conductive material is formed on the surface of the 

ClO sheath wire by using a thin film forming device 9 to 

yi, make the superconducting wire of this embodiment:* Any 

lli; heating device may be used for the heating device 11 as 

long as it is capable of heating the sheath wire to a 
temperature at which the silver alloy is melted; 
15 infrared rays were concentrated for heating in this 

embodiment. Likewise, any device may be used for the 
thin film forming device 9 as long as it: is capable of 
forming a conductive material of the desired thickness; 
organopalladium was applied and subjected to heat 
20 treatment to produce a palladium film in this 

embodiment . 

The superconducting wire according to this 
embodiment thus produced exhibits extremely good 
adhesion between the silver and palladium, minimizing 
25 the chance of cracking or the like when the wire is 
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subjected to mechanical def ormat:ion. Further, the 
silver and palladium dispersed in the superconductor 
have caused the critical current density to increase to 
a value which is two orders of magnitude or more larger 
than that of the superconducting wire with no dispersed 
silver alloy • 

Fifth Embodiment: 

Fig. 6 is the conceptual diagram illustrative of 
the manufacturing method for the supeirconducting wire 
according to the fifth embodiment. In this embodiment, 
a mixture material, i.e. the composite material, for- the 
oxide superconductor was charged in a silver alloy pipe 
which is composed of silver with 1 wt% of magnesium 
added and which is provided with a plurality of small 
holes. Before the wire drawing by the die 5, the silver 
alloy pipe was heated by the heater 8 to remove the 
gases including the cr^acked gas, moisture, etc, 
discharged from the material, thus producing the 
superconductor of the fifth embodiment. The silver 
alloy pipe filled with the produced oxide superconductor 
was drawn to a desired size by the die 5 before it was 
cooled to room temperature. In this embodiment, ten 
different dies were used for the wire drawing and the 
temperature was decreased from 500 to 100 degrees 
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cen-tigrade as the wire diameter decreased, then heat 
treatment was carried out again by the heater 8 . The 
atmosphere for the heat treatment before and after the 
wire drawing by the dies 5 is selected according to the 
type of the superconductor employed. The conditions for 
the heat treatment are set so that the oxide 
superconductor is furnished with the best possible 
superconductive characteristics by the heat treatment 
carried out before and after the wire drawing carried 
out by the dies 5. In this embodiment, the heat 
treatment was performed at 930 degrees centigrade. 

After that, the wire formed by the drawing was 
heated by the heating device 11 to melt the silver alloy 
on the surface • In this embodiment, an electric furnace 
having a kanthal super wire as the heating element was 
used as the heating device 11 • After the melted silver 
alloy was scattered in the oxide superconductor, the 
oxide superconductor was cooled and the conductive 
material was formed on the surface thereof by the thin 
film forming device 9. In this embodiment, the 
conductive material was attached by passing the wire 
through an aluminum melt in a crucible . 

The superconducting wire according to the fifth 
embodiment thus produced provided high resistance to 
mechanical deformation and had a critical current 
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density which is two orders of magnitude larger than 
that of the superconducting wire with no silver alloy 
melted and dispersed. 

Sixth Embodiment: 

Fig, 2 shows the flow of the manufacturing method 
in accordance with the present invention. First, a 
silver or silver alloy flat tape is prepared and bent so 
that the cross-sectional area thereof is U-shaped, 
Oxide superconductor powder or a material mixture for 
the oxide superconductor powder is supplied to the inner 
side of the U-shaped tape, then it is formed so that the 
cross-sectional area is O-shaped, At this time, the 
both ends of the silver or silver alloy tape may be in 
contact or overlapped or they may even have a gap, 
provided the powder inside does not fall. After that, 
the tape is subjected to wire drawing by appropriate 
figuring. Heat treatment is performed before and after 
or during the wire drawing as necessary. The wire is 
then led into the crucible to melt the silver or 
silver alloy thereby to disperse the silver or silver 
alloy in the superconductor, and the conductive 
material, which serves as the stabilizer, is attached to 
the surface of the superconductor. The melting of the 
silver or silver alloy and the attaching of the 
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conductive material may be done at the same time or in 
succession; they were conducted at the same time in the 
sixth embodiment. 

Fig. 3 shows the principle for melting the silver 
or silver alloy and attaching the conductive material at 
the same time. Reference numeral 1 denotes the oxide 
superconductor powder charged in the silver or silver 
alloy tape 3 which has been formed to have the O- shaped 
cross section. Reference numeral 5 indicates the die. 
The drawing shows only one cycle of process; however, a 
plurality of dies may be used as necessary to implement 
a plurality of regressive process cycles. Reference 
numeral 4 indicates the material wire which has been 
formed into a desired shape by the method stated above; 
the wire is led into the crucible 12 to let it pass 
through the melt 6 of the conductive material. This 
causes the silver or silver alloy on the surface of the 
superconductor to melt. The majority of the melted 
silver or silver alloy moves into the vacancies or the 
like in the superconductor although a part thereof is 
mixed with the melt 6. 

As a result, when the wire is pulled out of the 
crucible 12 holding the melt 6 of the conductive 
material, the conductive material is applied to the 
surface of the wire. At this time, since the melting 
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point: of the conductive material is higher than that of 
the silver or the like^, the conductive material 
solidifies first, and then the silver or the silver 
alloy dispersed in the superconductor solidifies • Thus, 
5 the silver or the silver alloy dispersed and solidified 

J'!;; in the oxide superconductor enables a higher critical 

^'-^ current density. Moreover, the vacancies in the oxide 

ill superconductor and the recessed spots near the surface 

|T| thereof are also filled primarily with the melt of the 

p>10 silver or the silver alloy, thus ensuring good adhesion 

of the conductive material attached to the outer 
i;; periphery of the oxide superconductor • All steps 

111 including the step for making the silver or silver alloy 

tape into a pipe and the step for supplying the 
15 superconductor powder can be implemented in succession 

by using a supplying reel and a winding reel (not 
illustrated in Fig. 3). 

There is no part:icular restrictions on the 
combination of the materials used in the present 
20 invention. In the sixth embodiment, Y2O3, SrCOg, WO3, and 

CuO were mixed so as to produce 10wt% of SrY^O^ with 
respect to ^^^2^^2,a^o,2^Yr then the mixture was subjected 
to heat treatment at 950 to 1400 degrees centigrade to 
produce the oxide superconductor. As the conductive 
25 material wrapping around the oxide superconductor, Cu 
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was used. The same combination of the materials was 
employed for other embodiments as well as the sixth 
embodiment to produce the superconducting wire. 

The superconducting wire of this embodiment 
obtained by using the aforesaid materials and by melting 
and dispersing the silver as described above exhibited a 
critical current density of approximately 10,000 
A/cm^(5K), In contrast to this, the critical current 
density, which was obtained when the same oxide 
superconductor was employed but no silver was melted and 
dispersed, was approximately 2,000 A/cm^, which is 
^ ^»CT^Hi€4!y-"»^a re iJ5«J^Q^ than that of this embodiment. 

Furthermore, the superconductive characteristics of 
■the superconducting wire in accordance with this 
embodiment remained unchanged after winding the 
superconducting wire by the roller having the 30cm 
diameter, whereas the comparison example, which had no 
silver melted and dispersed, showed a drop in 
conductivity to 1/100 to 1/1,000 after winding the wire 
by the same roller. This proves that the 
superconducting wire in accordance with the present 
invention provides high mechanical strength and also 
high critical current density. 



Seventh Embodiment: 
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Fig. 3 shows the concep-tual diagram illustrative of 
the process for melting the silver and attaching the 
conductive material in the seventh embodiments First, a 
silver sheath material which has an oxide superconductor 
therein and which has been formed into a pipe is 
processed into a fine line by a plurality of dies 5 
(only one die is shown in Fig. 3). In this embodiment, 
the silver sheath material measuring 8 mm in outside 
diameter and 6 mm in inside diameter was formed into the 
fine line 4 having an outside diameter of 0.8 mm. 
Reference numeral 5 denotes a copper melt in the 
crucible 12 produced by melting copper by a heating 
device which is not shown; the temperature of the melt 
is maintained at 1,090 degrees centigrade. The silver 
sheath material obtained as stated above is placed in 
the copper melt 6 and let pass through the copper melt 
6. At this time, the majority of the silver is melted 
and dispersed in the oxide superconductor although a 
part of the silver mixes with the copper melt 6 since 
the melting point of the silver is 960 degrees 
centigrade. Then, the wire is wound by a roller, not 
shown, to take the wire, which has the copper attached 
to the surface thereof, out of the crucible 12. The 
wire 10 taken out of the crucible 12 starts solidifying 
from the outer periphery; it is cooled until the 
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solidif icairion of the silver inside is coinplet:ed before 
the finished superconducting wire is wound using the 
roller which is not shown. Oxygen may be blown into the 
melted silver so that the oxide superconductor with 
oxygen reduced may restore the superconductive 
characteristics. Heat treatment may be performed again 
after the silver on the outer periphery solidifies. 

The critical current of the superconducting wire 
thus produced was lO^A/cm^ or more regardless of the 
composition of the superconductor material used and no 
change in the superconductive characteristics was 
observed even when the diameter of the roller winding 
the superconducting wire was about 300 mm. A wire which 
has the same performance was obtained when a silver tape 
with a hole having a diameter of 0.5 mm or less was 
employed to make the superconducting wire in the same 
manner as stated above. 

When, however, the speed for winding the wire was 
too high for the silver of the silver tape to fully 
melt, the critical current of the resulting wire was 
about lO^A/cm^ and the observation of the cross section 
of the obtained wire revealed the presence of a gap over 
the whole surface between the silver and the 
superconductor. Such a gap was not observed in the 
superconducting wire according to the present invention. 
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This demons-trates that:, according to the present 
invention, the silver melts and fully covers the 
irregular surface of the superconductor, thereby 
ensuring close contact with the conductive material on 
the outer periphery* 

Eighth Embodiment: 

Fig. 4 is the conceptual diagram showing the 
manufacturing method for the superconducting wire of the 
eight embodiment. First, a silver tape with a hole of a 
diameter of about 0*1 mm to about 0.5 mm is formed into 
a U"Shape by continuous rolling. The materials for 
producing the superconductor are supplied to the 
recessed section of the tape, then the tape is shaped 
into a pipe by further rolling. The wire material is 
formed into a wire having a diameter of 1 mm by the die 
5. At this time, as shown in Fig. 4, the silver pipe 
is heated before and after the die to make the oxide 
superconductor. In general, a carbonate or nitrate, or 
an oxide of a constituent metal element is used as the 
material for making the oxide superconductor. The hole 
formed in the silver pipe makes it possible to supply 
oxygen to the central part of the silver pipe and also 
to discharge a gas such as carbon dioxide which is 
generated when the materials are decomposed. Thus, 



according to this embodiment, a superconductor with good 
characteristics can be produced by the heat treatment 
using the heaters 8. The wire 4 thus obtained is placed 
in the crucible 12 to let it go through the melted gold 
6. The temperature of the gold melt 6 is maintained at 
1,065 to 1,080 degrees centigrade* Since the melting 
point of silver is 9 60 degrees centigrade, the silver 
melts and disperses in the oxide superconductor when the 
wire 4 is passed through the gold melt 6. When the wire 
is pulled out of the crucible 12, it has the gold on the 
surface thereof. The gold and silver are partially 
mixed before they solidify; the mixing ratio can be 
controlled by the time during which the wire is in 
contact with the gold melt 6 and the winding speed. 

The superconducting wire thus produced exhibits 
high resistance to mechanical deformation; it can be 
produced in a length of about 1,000 m even when the 
diameter of the roller 7 is 200 mm* 

Ninth Embodiment : 

Fig. 5 is the conceptual diagram illustrative of 
the manufacturing method for the superconducting wire of 
the ninth embodiment. A tape made of an alloy of silver 
with 3wt% of palladium added is made into a pipe and an 
oxide superconductor is charged therein, then the pipe 
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is formed int:o a desired sheath wire by using -the die 5, 
The sheath wire is then heated by the heating device 11 
so as to melt the silver alloy. After the melted alloy 
solidifies, the conductive material is formed on the 
surface of the sheath wire by using the thin film 
forming device 9 to make the superconducting wire. Any 
heating device may be used for the heating device 11 as 
long as it is capable of heating the sheath wire to a 
temperature at which the silver alloy is melted; 
infrared rays were concentrated for the heat treatment 
in this embodiment. Likewise, any device may be used 
for the thin film forming device 9 as long as it is 
capable of forming a conductive material of the desired 
thickness; organopalladium was applied and subjected to 
heat treatment to produce a palladium film in the ninth 
embodiment . 

The superconducting wire according to this 
embodiment thus produced exhibits extremely good 
adhesion between the silver and palladium, minimizing 
the chance of cracking or the like when the wire is 
subjected to mechanical deformation. Further, the 
silver and palladium dispersed in the superconductor 
caused the critical current density to increase to a 
value which is two orders of magnitude or more larger 
than the critical current density of the superconducting 
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wire wi"th no dispersed silver alloy • 

Tenth Embodiment;: 

Fig, 6 is the conceptual diagram showing a part of 
the manufacturing method for the superconducting wire 
according to the tenth embodiment. In this embodiment, 
the oxide superconductor was charged in a silver alloy 
tape, which is composed of silver with 1 wt% of 
magnesium added and which is provided with a plurality 
of small holes, while shaping the tape into a pipe. 
Before the wire drawing by the die 5, the silver alloy 
pipe was heated by the heater 8 to remove the gases 
including the cracked gas, moisture, etc, discharged 
from the material, thus producing the superconductor. 
The silver alloy pipe filled with the produced oxide 
superconductor was drawn to a desired size by the die 5 
before it was cooled to room temperature. In the 
present invention, the wire drawing was carried out at 
500 to 100 degrees centigrade, then heat treatment was 
implemented again by the heater 8 , The atmosphere for 
the heat treatment before and after the wire drawing by 
the die 5 is selected according to the type of the 
superconductor employed . 

After that, the wire formed by the drawing was 
heated by the heating device 11 to melt the silver alloy 
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on the surface ♦ In this embodiment, the electric 
furnace employing the kanthal super wire as the heating 
element was used as the heating device 11. After the 
melted silver alloy was scattered in the oxide 
superconductor, the oxide superconductor was cooled and 
the conductive material was formed on the surface 
thereof by the thin film forming device 9. In this 
embodiment/ the conductive material was attached by 
passing the wire through the aluminum melt in the 
crucible. The heat treatment prior to the wire drawing 
step may be omitted if the oxide superconductor powder 
is supplied to the silver alloy tape. 

The superconducting wire thus produced provided 
high resistance to mechanical deformation and had a 
critical current density which is two orders of 
magnitude larger than that of the superconducting wire 
with no silver alloy melted and dispersed. 

Thus, according to the present invention, there is 
provided a highly reliable, practical superconducting 
wire which is capable of fully displaying the 
characteristics of an oxide superconductor employed for 
the superconducting wire without incurring a drop in the 
critical temperature or the critical current during the 
manufacturing process and which also provides high 
resistance to mechanical deformation. 



